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ABSTRACT: Study of nickel ferrite structure adding with cadmium (X=0.1, 0.2, 0.3, and 0.4) using standard 
ceramic method has been used to prepared the samples at 1000 °C for 15 hours. The pattern of X-ray diffraction 
of samples showed that has a single phase cubic spinal structure. The variation of lattice constant has been 
observed in the range 8.4511- 8.4707 A° and crystalline samples are ranging from 35 to 43 nm. The grain size 
was increases with increases the additives of cadmium through SEM analysis. 
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1. INTRODUCTION 

In recent days, nanocrystalline ferrites become a 
subject of fascination because of their overwhelming 
application in human life as well as research areas 
[1-3]. Ferrites are an important class of magnetic 
materials which have many applications, ranging 
from radio frequency to microwave frequency .They 
can be used in transformers, inductors, antenna rod, 
memory chip, and sensors [4-5]. Insulating magnetic 
oxides have, low eddy current, dielectric losses, high 
value of saturation magnetization, permeability, and 
moderate permittivity which are recognized by the 
chemical formula MFe204, where ‘M’ stands for 
divalent metal ions. M can be replaced by other 
divalent metal ions and we can have number of 
spinel ferrites [6-7]. Because of high resistivity, low 
cost, easy for manufacture, superior over 
conventional magnetic material, there are used in 
radar, audio-video and digital recording, bubble 
devices, memory cores of computers, satellites 
communication and microwave devices [8-9]. The 
series Nii-xZnxFe204,Cui-«ZnxFe204,Nios-xCuxZno.2 
Fe20.4, of ferrites have been prepared using solid 
state method. CoixNixFe204 Ferrites with 
(x=0.0,0.1,0.2,0.3,0.4,0,5), were prepared by Gul et 
al [10] by chemical co- precipitation method with 
grain size (14 to 21 nm) and resistivity increased 
from 1.98x10°(Qcm) to 8.323x10°(Qcm) at 
temperature 393K. Structural and_ electrical 
properties of NiixMgxFe2Os(x= 0.0, 0.3,0.6,0.9) 
synthesized by citrate gel process were discussed by 
Berchman et al [11] with increase in Mg 
concentration dielectric constant decreased with the 
rise in the frequency and AC conductivity increased 
with the rise in frequency. Measurement of exchange 
interaction in Ti-substituted Ni-ferrites prepared by 
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standard ceramic technique was reported by Islam 
et al.[12]. Effective magnetic moment and exchange 
interaction both decreased whereas’ Curie 
temperature increased with the increase in Ti 
concentration. The dielectric attributes of MnxNios- 
xZno.sFe204 (x=0.05 to 0.4) synthesized by the citrate 
precursor method have been investigated as a 
function of frequency, temperature, composition, 
and sintering temperature by Singh et al.[13]. 

In the recent years, ferrites have been prepared in 
nano crystalline by several techniques. The 
properties of these nano sized ferrites are different 
from that of bulk ferrites and hence they find 
applications in the field of drug delivery, MRI, 
hyperthermia, sensors, catalyst etc [14]. The most 
commonly used methods are ceramic method [15] 
co-precipitation method [16] precursor method and 
microwave method [17] micro emulsion method 
[18] reverse Micelle technique [19] and auto 
combustion [20-21]. 

Nickel ferrites are found to be versatile magnetic 
materials owing to their electric and magnetic 
properties which can be altered by suitable do pant. 
The literature survey shows less information on 
cadmium doped nickel ferrites (NiixCdxFe204 with 
X=0.1, 0.2, 0.3 and 0.4). Logical conclusion, it is 
proposed to empathize the study on ample physical 
properties of Ni-Cd ferrites. X-ray spectra to confirm 
the single phase cubic structure, quantitative 
element ensue by EDAX, morphological study of 
samples by SEM and FTIR spectra to identify the 
absorption bands. 


2. EXPERIMENTAL METHODS 
AR grade Nickel oxide, Cadmium oxide, and Ferric 
oxide in molar proportions and mixed thoroughly in 
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acetone medium in agate mortar. The ferrites with 
the general chemical formula Ni:-x.CdxFe204 where 
x=0.1, 0.2, 0.3, and 0.4 were synthesized by ceramic 
method. Then ferrite samples were pre sintered at 
800°C for 10 hours [15]. The pre sintered powders 
were subjected to milling process in acetone 
medium. One or two drops of PVA solution of 20% 
concentration was added as binder. All samples 
were pressed in to pellets of 1cm in diameter and 
0.2cm in height by using a die by applying a pressure 
of about 5 tones/ square inch for 5 minutes. The 
pellets were subjected to final sintering at 1000 °C 
for 15 hours with the help of alumina boat to enable 
the completion of solid state reaction [15]. All the 
samples were furnace cooled in air medium. The 
physical density of each sample was calculated by 
mass and dimensions data. The schematic diagram 
of proposed work is shown in Figure 1. 


3. RESULTS AND DISCUSSIONS 
3.1 XRD studies 


XRD used to determine structure of a crystal, in 
which the crystalline atoms cause a beam of incident 
X- ray to diffract into many specific directions. The 
XRD pattern of cadmium doped Ni-ferrites were 
shown in Figure 2 with peaks (220), (311), (222), 
(400), (422), (511), and (440) respectively. The 
diffraction maxima from Bragg’s law is prevailed by 


2d,,,,-sin 9 = na 


7 a 
4= aay? sense (2) 


It can be seen that the diffraction peaks are either 
all even or all odd, which suggests a spinel phase 
(lattice parameter=8.4511- 8.4707 A°) for sample 
and thus validates the cubic structure. The detailed 
information of sample like lattice parameter (a), and 
interplanar distances (d) are tabulated in Table 1. 
Average Crystallite size (D) is calculated by Debye - 
Sherrer’s formula [ 22] 


seeeeeavetaas (3) 


The distance between magnetic ions (hopping 
length) in A site (Tetrahedral) and B site 
(Octahedral) were calculated by using [15,20] the 
complying relations {(La and Ls)} 


aes 
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micro — strain(€) = ii 


Dislocation Density (Pp ) = D- ee 


The detailed crystal size (D), dislocation density 
(p), micro-strain(e), and lattice constant (a) 
tabulated in Table.No.2. 
The porosity plays enormously significant role in the 
microstructure of ferrites and calculated by the 
relation 
P=(dx-da)/dx*100 ----(8) 


Where dx=x-ray density =8M/Na3 ---- (9) 


N=Avagadro’s number =6.0238 X1023 atoms/mole, 
a=lattice constant 


The porosity is found to vary from 35 to 59 %, 
depending on method of preparation, purity of 
starting raw materials, sintering time and 
temperature. 


3.2 SEM and EDAX Analysis 


SEM micrographs of the samples are 
represented Figure 3 and reveals that grain size 
increases with increases in the Cd content, because 
ionic radius of Cd*? is greater than that of Ni+? and 
Fe*3. It is also due to the presence of certain amount 
of metal ion vacancies caused by oxidation of 
suitable dopant. The exaggerated grain growth 
occurs due to rapid growth of few grains at the 
expense of their neighbors due to lack of 
homogeneity. Hence it can be concluded that 
diameter of the grain increases with decrease in 
porosity and under specific conditions exaggerated 
grain growth may occur. Depending upon the heat 
treatment, the grain size varies from 400nm to 
1250nm. 


In the present study, it is observed that all the 
samples show exaggerated grain growth. An energy 
dispersive X-ray spectroscopy (EDX) spectrum of Ni- 
Cd ferrites was shown in Figure 4. The EDX spectra 
show the presence of Ni, Cd, Fe and O elements 
without impurities in the ferrite samples. The 
atomic % of the elements analyzed from the EDX 
spectra are in good agreement with the expected 
composition of elements in the ferrite samples 
before the synthesis. The non appearance of any 
extra peaks in the XRD patterns and EDX spectra of 
ferrites confirms that there are no impurities in the 
system. 
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29.82 220 2.9968 29.81 2.9889 220 22.7094 4.8905 111 29.8048 2.900 220 
35.20 311 2.5481 35.18 2.5489 311 29.8204 2.9948 220 35.1668 | 2.5498 311 
36.86 222 2.4396 36.96 2.4404 222 35.9012 2.5540 311 36.9405 | 2.4413 222 
42.92 400 2.1127 | 43.018 | 2.1134 400 36.9012 2.4452 222 38.1159 | 2.4413 222 
53.29 422 1.7251 | 56.705 | 1.6269 511 38.0185 2.4452 222 42.9406 | 2.1142 400 
56.85 511 1.6264 | 62.334 | 1.4944 440 42.936 2.1176 400 56.7546 | 1.6275 511 
62.47 440 1.4939 | 74.264 | 1.2892 533 56.6508 1.6301 511 62.3392 1.4950 440 
74.54 533 1.2887 73.7254 | 1.2896 533 
a=8.4511 A® a=8.4707A° a=8.4539A9 a=8.4570A° 


p) micro-strain (¢), lattice constant (a 


0.1 43.3 5.336x1014 0.8094x10-3 8.4511 3.659434 2.987915 
0.2 35.12 8.1075x1014 0.9979x10-3 8.4539 3.660646 2.988905 
0.3 38.35 6.7993x1014 0.9136x10-3 8.4707 3.667921 2.994845 
0.4 37.03 7.292x1014 0.9463x10-3 8.4570 3.661988 2.990001 


Table 3 Actual density, X-ray density, Porosity and grain size (SEM) 


0.2 3.105 5.265 41.625 900 
0.3 3.055 5.474 44.190 1250 
0.4 2.3471 5.618 58.77 650 


Table 4 EDAX analysis (Atomic percentage of elements) 


0.1 20.56 0.35 22.68 56.41 100 
0.2 11.96 0.73 26.07 61.25 100 
0.3 12.84 1.61 24.27 61.28 100 
0.4 12.35 1.74 25.17 60.74 100 
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Fig.2 XRD patterns of Ni-Cd ferrites 
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Figure 3 SEM images of Ni-Cd ferrite system 


Figure 4 EDAX spectra of Ni-Cd ferrite system 
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Figure 5 FTIR spectra of Ni-Cd ferrite system 


3.3 FTIR Spectra 

FTIR Spectra of the samples were obtained from 
in the range of 400cm* to 1000cm is shown in 
Figure 5. The IR spectrum reveals two prominent 
bands near 600 cm? and 400 cm! which are 
assigned to tetrahedral and octahedral complexes 
respectively. Waldorn [24] assigned the absorption 
bands around 600cm* to the intrinsic vibrations of 
tetrahedral complexes corresponding to the highest 
restoring force where as the absorption bands 
around 400cm assigned to intrinsic vibrations of 
octahedral complexes which are bond bending 
vibrations. In the present study the samples show 
prominent bands vi and v2 around 600cm-! and 
400cm* respectively in agreement with Waldron 
assignment. The splitting of absorption bands 
around 400cm-! is assigned to octahedral complexes 
which suggest the occupancy of B-sites by Cd ions. 
Similar results were in ferrites and appearance of IR 
absorption bands was reported in [24-26]. 


4. CONCLUSION 

The structural, mechanical strain and 
morphological studies with cadmium doping of Ni- 
ferrite is studied which is synthesized by solid state 
method. The XRD study confirmed the formation of 
the single cubic phase; with lattice constant 8.4511- 
8.4707A° and particle size is 35-43 nm. The study of 
Fourier Transform Infrared Spectroscopy confirms 
the formation of spinel structure ferrite samples. 
SEM analysis grain size increases with increases in 
the Cd content. 
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